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Summary
Association and disassociation of gene loci with respect to
specific nuclear compartments accompany changes in gene
expression, yet little is known concerning the mechanisms
by which this occurs or its functional consequences. Previ-
ously, we showed that tethering acidic activators to a periph-
eral chromosome site led to movement of the chromosome
site away from the nuclear periphery, but the physiological
relevanceof thismovementwasunclear [1].Nuclearspeckles,
or interchromatin granule clusters, are enriched in factors
involved in RNA processing [2], and the association of a sub-
set of active genes at their periphery suggests speckles may
play a role in gene expression [3, 4]. Here, we show an actin-
dependent association of HSP70 transgenes with nuclear
speckles after heat shock. We visualized HSP70 transgenes
moving curvilinearly toward nuclear speckles over w0.5–
6 mm distances at velocities of 1–2 mm min21. Chromatin
stretching in the direction of movement demonstrates a
force-generating mechanism. Transcription in nearly all
cases increased noticeably only after initial contact with a
nuclear speckle. Moreover, blocking new HSP70 transgene/
speckle association by actin depolymerization prevented
significant heat shock-induced transcriptional activation in
transgenes not associated with speckles, although robust
transcriptional activation was observed for HSP70 trans-
genes associated with nuclear speckles. Our results demon-
strate the existence of a still-to-be-revealed machinery for
moving chromatin in a direct path over long distances toward
nuclear speckles in response to transcriptional activation;
moreover, this speckle association enhances the heat shock
activation of these HSP70 transgenes.Results and Discussion
HSP70 transgenes associate with nuclear speckles [5, 6], reca-
pitulating the heat shock-dependent speckle association of
the endogenous locus [7]. Consistent with previous demon-
strations of speckle association for only w50% of 25 active
genes surveyed [3, 4], no speckle association of metallothio-
nein (MT) or DHFR transgenes was observed after their tran-
scriptional activation [5, 6]. Moreover, neither MT nor DHFR
transgenes associated with nuclear speckles after heat shock
(data not shown). Promoter-swapping experiments showed
that HSP70 speckle association was conferred specifically
by the HSP70 upstream regulatory region [6]. HSP70 trans-
gene speckle association was specific to heat shock, as
transcriptional activation by cadmium did not result in speckle
association [6].2Present address: Thermo-Fisher Scientific, Rockford, IL 61101, USA
*Correspondence: asbel@illinois.eduOur previous work indicated that speckle association
occurred mostly through apparent de novo formation of a nu-
clear speckle or association with a nearby, preexisting speckle
[5]. Hints of long-range movements of the transgenes to nu-
clear speckles were limited by technical factors. In particular,
long-range chromosome movements are profoundly sensitive
to phototoxicity, yet our previous live-cell imaging [5] used
light levels shown to inhibit long-range movements [1]. In
most cells, the bacterial artificial chromosome (BAC) trans-
gene array localized near a preexisting nuclear speckle even
before heat shock activation, but we were limited to live-cell
microscopy of one to two cells per experiment, reducing the
number of observations for statistical analysis. Our speckle
marker showed a poor speckle to nuclear background ratio,
making it difficult to detect small speckles. Finally, we had
no direct, live-cell readout of transcriptional activity, compli-
cating efforts to relate changes in transgene nuclear position
to changes in transcriptional activity.
Here, an Applied Precision OMX microscope provided
reduced phototoxicity and increased data-acquisition speeds.
A plasmid containing a 64-mer lac operator repeat, selectable
marker, and the HSPA1A gene [6] was modified to insert 24
MS2 repeats into the HSPA1A 50 UTR and stably transfected
into CHO DG44 cells expressing enhanced GFP (EGFP)-LacI
(Figures 1A and 1C). Expressing EGFP-SON from a BAC trans-
gene, recombineered to insert the EGFP in frame into the SON
NH2 terminus, provided uniform expression and visualization
of nuclear speckles (Figures 1B and 1C). Uniform EGFP-SON
expression allowed us to simultaneously localize the higher-
intensity EGFP-tagged HSP70 transgenes relative to the
lower-intensity EGFP-labeled nuclear speckles in stably trans-
fected cell clones (Figures 1C–1F). A second transfection
yielded cells stably expressing MS2-binding protein-mCherry
for labeling of nascent transcripts (Figure 1C).
Nuclear speckle location is biased toward the nuclear inte-
rior [8]. Using cell clone C16_C4_1 in which the HSP70 plasmid
transgene array is preferentially positioned at the nuclear pe-
riphery (Figure 1D), we increased the fraction of cells in which
the array is not close to any speckle prior to heat shock. For
this cell clone, containingw700 plasmid copies as estimated
by quantitative PCR, the 25% to 71% increased array associ-
ation with nuclear speckles (Figures 1E–1G) and HSP70 tran-
script accumulation within nuclear speckles after heat shock
(data not shown) were similar to that previously observed for
plasmid HSP70 transgenes [6]. In previous work where active
interphase chromosomal motion was suspected, an either
direct or indirect dependence on actin was implicated through
dominant-negative and/or inhibitor studies [1, 9, 10]. Similarly,
speckle association of the HSP70 transgene array after heat
shock was blocked by expression of a nonpolymerizable
monomeric red fluorescent protein (mRFP)-nuclear localiza-
tion signal (NLS)-G13R mutant actin fusion protein incapable
of actin polymerization, but not by expression of the corre-
sponding wild-type actin construct (Figure 1H). Because these
actin fusion proteins are concentrated in the nucleus, a depen-
dence specifically on nuclear actin is suggested. HSP70 trans-
gene association with nuclear speckles was also blocked
by treatment with latrunculin A, which depolymerizes F-actin,
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Figure 1. Simultaneous Visualization of HSP70 Transgenes, Nascent
Transcripts, and Nuclear Speckles
(A and B) HSP70 plasmid pSP14-14-50UTR-MS2 (A) and the modified SON
BAC (B) transgenes.
(C–F) DAPI-stained nuclei (blue) versus HSP70 transgenes (EGFP-LacI,
bright grayscale), speckles (EGFP-SON, less bright grayscale), and HSP70
transcripts (MS2-binding protein-mCherry, red). After heat shock (HS),
nascent transcripts (arrowhead) accumulate near speckles (C). Peripheral
transgenes (arrowheads) prior to HS (D). HSP70 transgenes (arrowheads)
not associated (E) or associated (F) with speckles.
(G) Speckle association index before or after 30 min HS.
(H) Disrupting nuclear actin polymerization abolishes HS-induced speckle
association.
Error bars indicate the SEM. Scale bars represent 2 mm.
HSP70 Transgene-Directed Motion to Speckles
1139and by jasplakinolide, which blocks F-actin depolymerization
(Figure 1H).
Directed chromosome motion is difficult to distinguish from
the rapid, ‘‘constrained diffusion’’ motion [11] observed at
most chromosome loci in a wide range of eukaryotic cells,
including mammalian cells [12]. We focused on movements
at least 2-fold longer range than the w0.2 mm ‘‘radius of
constraint’’ derived from mean square displacement versustime measurements at both 37C and 44C (Figure S1A avail-
able online). We collected 3D images every 2 min for 60 min
for w900 cells (w400 movies), identifying 90 cells in which
the starting distance between the transgene array and the
nearest nuclear speckle was at least 0.4 mm. Inspection of
2D projections versus time revealed long-range movements
exceeding 0.4 mm inw50%of these 90 cells. Nearly all of these
movements terminated at a nuclear speckle (Figure 2A),
although in several cases the transgene array moved to one
speckle and then to another. (Speckle-transgene association
inw20% of these 90 cells occurred through de novo formation
or enlargement of a speckle, as previously described [5], or, in
w10% of these cells, through speckle protrusion or motion.
Otherwise, either no speckle association was observed or as-
sociation occurred through a complex combination of events.)
Long-rangemovements, typically over 2–4min, ranged from
0.5 to 6mm(median, 1.7mm) (MovieS1).Wecreated aderivative
cell line stably expressing CENPA-mCherry together with
EGFP-SON and EGFP-LacI. The CENPA-mCherry-labeled
centromeres served as 3D fiducial marks, demonstrating
that transgene movements were not due to nuclear rotation
(Figures 2B and 2C; Movie S2). Similar long-range movements
were not observed at 37 or at 44C in cells carrying lac
operator/repressor-tagged, MT BAC transgene arrays. In
cells showing long-range movement, w20% of Dd values,
measuring the change in position during a single, 2min time in-
terval, exceeded the maximum Dd value observed in cells at
37C or, after heat shock, in CHO DG44 cells containing a con-
trol metallothionein BAC transgene array (cell clone MT1_1_4;
[5]) (FiguresS1B–S1D). Noexamples of long-rangemovements
to nuclear speckles or long-rangemovements per se after heat
shock were observed in movies of w200 cells carrying the
control, MT BAC transgene array (data not shown) or inw350
cells at 37C carrying the HSP70 plasmid transgene array.
Linear trajectories of transgenes directed toward nuclear
speckles were revealed using shorter 30 s time intervals (Fig-
ures 2C–2H; Movie S3); the mean velocity measured in these
trajectories during motion was 1.14 mm min21. Linearity was
indicated by both the absolute angular offset between consec-
utive steps (14.2 mean, 15.7 SD; Figure 2J) and by the ratio
between the sum of all vector step lengths and the net vector
length (1.094 mean, 0.147 SD; Figure 2K) for ten trajectory ex-
amples. Directionality toward nuclear speckles was supported
by two measures. First, we measured the magnitude of the
angular deviation of each step direction from the vector
defined by the line connecting the starting transgene position
and its end position adjacent to the nuclear speckle (7.9
mean, 29.1 max, 7.3 SD). Trajectories varied from two to
ten steps (4.2 mean). Assuming all directions are equally likely,
the probability in a randomwalk for all four steps deviating less
than or equal to thew30 observedmaximum from the speckle
direction is w0.0008 [(30/180)4] and becomes vanishingly
smaller with angular deviations closer to the mean. Second,
we measured the sum of all angles represented by possible
trajectories that would intercept a speckle based on the
geometry observed at the first time point in the trajectory
(139 mean, 33.1 SD). The probability of all ten long-range
trajectories terminating at a speckle over the 360 possible
directions for each would be w0.00007 [(139/360)10]. These
numbers strongly support directed movement toward
speckles rather than a ‘‘speckle capture’’ model in which tra-
jectories end when they hit a speckle.
Transient chromatin stretching in the trajectory direction
demonstrates a force-generatingmechanism underlying these
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Figure 2. Live-Cell Imaging Reveals Long-Range,
Directed Motion of HSP70 Transgenes toward
Nuclear Speckles
(A–C) HSP70 transgene (yellow arrowheads)
movements during heat shock. (B and C)
Transgene movement relative to centromeres
(mCherry-CENPA, white arrowheads) rules out
nuclear rotation.
(D–H) Transgene trajectories projected over time.
(I) Directed (middle) versus random motion
(bottom).
(J) Histogram of angular deviations between tra-
jectory direction at each time point and vector
(I, top) drawn between initial and final transgene
positions.
(K) Histogram of total trajectory lengths (sum of
vector lengths; I, bottom) divided by net displace-
ment distances (I, top).
Time is minutes (’) after heat shock. Scale bars
represent 2 mm. See also Figure S1 and Movies
S1, S2, and S3.
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1140long-range movements and further supports their direction-
ality. Approximately 40% of long-range movements (18/46)
were accompanied by chromatin stretching during and some-
times immediately preceding movement, while relaxation of
stretching was typically observed after themovement stopped
(Figures 3A–3D; Movies S4). The angle between the estimated
directions of stretching versus movement averaged 3.5 (7.6
SD) for 14 examples (Figure 3E). No examples of stretching
were observed in 350 cells at 37C or 200 cells carrying MT
gene arrays at 44C. In 3 out of 90 cells, dramatic chromatin
stretching occurred without actual movement to a speckle
(Movie S5).
Stretching, rather than reorientation of a fiber segment from
parallel toperpendicular to theoptical axis,was inferred from in-
spection of optical sections and seeing a round spot change to
an elliptical or linear shape. Limited resolution along the optical
axis complicatesunambiguousdiscriminationbetweenstretch-
ing versus reorientation for structures %w0.5 mm in length.
However, stretching rather than reorientation is clearly estab-
lished by multiple examples in which distinct deformations
occur perpendicular to the optical axis (Figures 3B and 3C).
All of the preceding experiments were done using a high-
copy-number plasmid transgene array, raising questionsof whether similar long-range motion
would be observed with a low-copy-
number HSP70 BAC transgene array,
which more closely approximates
the behavior of the endogenous locus
[5, 6]. We deliberately used an HSP70
BAC in which two of the three HSP70
genes contained at this locus were
deleted [6] (Figure S2A). We also used
a CHO cell clone containing only wone
to three copies (as measured by quanti-
tative PCR) of this HSP70 BAC; there-
fore, the total number of HSP70 genes
approximates that of the endogenous
locus. Unfortunately, in this clone, nearly
all cells showed the BAC transgene
array prior to heat shock already too
close to a nuclear speckle to distinguish
subsequent motions to these nearbyspeckles as either directed or resulting from ‘‘constrained
diffusion.’’ Significantly, however, we were able to capture
several examples of similar long-range trajectories toward
nuclear speckles using this low-copy HSP70 BAC transgene
(Figures S2B–S2D).
In fixed cells, we observed a strong positive correlation be-
tween the nascent RNA (eitherMS2 or RNA fluorescence in situ
hybridization [FISH]) signal at the plasmid transgene array and
speckle size (data not shown). In several cases in which the
HSP70 plasmid transgene array was split into spatially distinct
spots, only the spot in contact with a nuclear speckle showed a
measurable nascent RNA signal (Figure 1C). Stable expression
of the MS2-binding protein in these cells perturbs nascent
transcript processing. Specifically, without expression of
the MS2-binding protein, RNA FISH demonstrates transcript
accumulation within the speckle (data not shown) as previ-
ously observed [5, 6]. With expression of the MS2-binding
protein, HSP70 transcripts accumulate adjacent to rather
than inside nuclear speckles (Figure 1C) and appear to
progressively accumulate over time as if release from the
transgene array is inhibited (Figures 4A and 4B). The timing
of transcriptional induction, however, parallels what we
observe by RNA FISH in cells not expressing the MS2-binding
Figure 3. Transgene Chromatin Stretching
Coincident with and Parallel to Long-Range
Movements
(A–D) HSP70 transgenes (arrowheads) show
stretching during (A–C) or immediately preceding
(D) long-range movements; stretching relaxes
after long-range movement stops (A). Insets in
(A)–(D) show 2-fold-enlarged regions surround-
ing the transgene array. (C) Increasing distance
between two spots (arrowheads) demonstrated
with display (bottom) of eight consecutive optical
sections (OS), separated by 200 nm focus steps.
Time is minutes (’) after heat shock. Scale bars
represent 2 mm.
(E) Histogram (bottom) showing near-zero angle
(top) between direction of transgene stretching
and movement direction.
See also Movies S4 and S5.
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1141protein. MS2-mCherry signals therefore likely reflect the inte-
grated transcription amount over time but as a consequence
provide a sensitive assay for transcriptional output.
A priori, this correlation between speckle size and nascent
RNA signal at the associated HSP70 plasmid transgene array
is consistent with facilitated HSP70 transgene transcrip-
tion through association with a nuclear speckle and/or with
HSP70 transgene transcription causing an increase in the
size of associated nuclear speckles.
We addressed the causal relationship between transcription
and speckle association by using live-cell microscopy to
determine the temporal relationship between HSP70 plasmid
transgene transcription and speckle association. In these
experiments, we counted all examples in which the trans-
gene array initially shows no speckle association. Live-cell
microscopy revealed that in 31 out of 32 movements of
HSP70 transgene arrays to nuclear speckles, the MS2-bindingprotein-mCherry signal first increased
above the nucleoplasmic background
only after initial contact of the transgene
array with a nuclear speckle (Figures 4A
and 4B; Movie S6). As previously noted,
occasionally the transgene array makes
transient contact, comes off, and then
reattaches to the same (Figure 4A;
Movie S6) or even a different speckle.
Therefore, we cannot exclude the possi-
bility that in the one example in which
transcription begins prior to nuclear
speckle association, a transient speckle
association occurred between adjacent
time points.
Plotting speckle size versus inte-
grated MS2-binding protein signal as
a function of time after first contact
showed a range of patterns. However,
a general trend was suggested in which
when transgenes contacted a small
speckle, a jump in speckle size pre-
ceded the onset of significant transgene
transcript accumulation (Figure 4C);
in contrast, when transgene arrays
contacted larger speckles, there was a
more immediate rise in transcript accu-
mulation (Figure 4D). Plotting specklesize and transcript levels averaged over all cells for each
time revealed the average trend in which initially speckle size
increases more rapidly than transcript followed by a coordi-
nated increase in both at later times (Figure 4E). Overall, trans-
gene arrays that made initial contact with a larger speckle
(>0.6 mm2) showed shorter time lags (typically 0–2 min)
between first contact and transcript accumulation above
background than the time lags (typically 3–7 min) observed
for transgene arrays that made initial contact with a smaller
speckle (<0.6 mm2) (Figure 4F).
Our results suggest a dose-response relationship in which
the ability of nuclear speckles to initially boost HSP70
transgene transcription increases with speckle size. At higher
levels of transcription, transcript accumulation levels increase
in parallel with speckle size, suggesting again some type of
functional connection between nuclear speckle size and tran-
scription levels of surrounding chromatin.
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Figure 4. HSP70 Transgene Transcription Is Facilitated by Nuclear Speckle Association
(A and B) Transcript signal (mCherry-MS2-binding protein, red) increases above background levels shortly after first contact of transgene array (bright
green) with nuclear speckle (lighter green). The top inset shows that green channel, and the bottom inset shows the red channel. Time is minutes (’) after
heat shock. Scale bars represent 2 mm.
(legend continued on next page)
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1143We next asked whether preventing the increased frequency
of HSP70 transgene association with nuclear speckles after
heat shock would affect transgene expression. We used
latrunculin A treatment, which blocks the normal increase
in HSP70 transgene association from w30% to w70% after
heat shock (Figure 1H). Whereas the average level of trans-
gene transcription is greatly decreased, this correlates with
the reduced percentage of transgenes associated after heat
shock with nuclear speckles (Figures 4G and 4H). After latrun-
culin A treatment, the low level of transcription for thew70%of
transgene arrays not associated with nuclear speckles (Fig-
ure 4H) is similar to the transcription levels observed in the
small fraction of transgene arrays not associated with nuclear
speckles in control cells (Figure 4G). Robust transcription at
similar levels to control cells, when comparing association
with similar size speckles, is still observed for the w30% of
transgene arrays in contact with nuclear speckles (Figures
4G and 4H). Importantly, latrunculin A treatment does not
appear to inhibit transcription per se. These results further
support a model in which HSP70 transgene association with
nuclear speckles facilitates their transcriptional activation.
In summary, we have demonstrated long-range, directed
movements of HSP70 transgenes toward nuclear speckles
occurring through an active, force-generating mechanism
and an increased transcription following nuclear speckle
contact.
Previously, long-range motion of a peripheral chromosome
site away from the nuclear periphery was observed after artifi-
cial tethering of an acidic transcriptional activator [1], but the
physiological relevance to natural gene activation was ques-
tionable. Here, we have demonstrated long-range movements
with nearly 4-fold higher velocity (1.14 versus 0.31 mm/min)
through activation of a transgene from a naturally occurring
promoter sequence.
Long-range movement is not synonymous with directed
movement. Varied mechanisms could be imagined as giving
rise to long-range, but randomly directed, motion. Coherent
movements of chromosome regions over micron-scale dis-
tances have been suggested as due to elastic coupling,
through chromatin, within the nucleus [13]. A ‘‘search and cap-
ture’’-type model in which random motion was terminated by
transgene binding to nuclear speckles could give the appear-
ance of directedmotion. A long-range, directedmovement of a
U2 small nuclear RNA mini-gene array toward coiled bodies
has been reported [9], yet this study was based largely on
two examples of long-range movement, unaccompanied by
any statistical analysis, making it difficult to conclude directed
versus random motion. Here, statistical analysis of multiple
trajectories supported a vectorial directionality to long-range
movements. Moreover, statistical analysis taking into account
the measured solid angle of all trajectories that would result in
contact versus no contact with nuclear speckles strongly sup-
ported a directed movement toward nuclear speckles rather
than a search-and-capture model.(C and D) Two examples of speckle area (blue) plotted versus integrated MS2
function of time after initial transgene contact with a nuclear speckle.
(E) Speckle size versus transcript signal as function of time after speckle first
(F) Histograms for the delay between first contact with speckle and appearance
(<0.6 mm2, blue) versus large speckles (>0.6 mm2, red). Speckle size is measur
(G and H) Integrated transcript signals from each of 32 different cells (x axis) 30m
are observed for transgene arrays not associated with nuclear speckles. A m
speckles after latrunculin A treatment (H) as compared to control cells (G). Spec
control (G) and latrunculin A-treated cells (H) if transgene arrays are grouped a
See also Movie S6.The strongest indication of a directed chromosome move-
ment toward nuclear speckles is the accompanying chromatin
stretching tangential to the direction of movement that
appears shortly before or during the actual period of chromo-
some motion. This stretching strongly argues for a force pull-
ing on the chromatin in the direction of motion. In contrast,
an alternative model in which a chromatin fiber stretched
between another anchor point and the nuclear speckle might
recoil elastically toward the nuclear speckle after release of
the chromatin from the anchor point instead would predict
maximum stretching prior to motion, with a progressive
relaxation of tension and stretching during movement.
Finally, our results may bridge two previous models for nu-
clear speckle function. Alternatively, nuclear speckles have
been proposed to act as hubs for a subset of transcriptionally
active genes [4] versus as storage sites for RNA processing
components [14]. During heat shock, we see evidence for
both roles. As with other conditions resulting in a general tran-
scriptional inhibition, heat shock is accompanied by a reduced
number and rounding of nuclear speckles. Yet, our results
demonstrate a functional enhancement of HSP70 transgene
transcription resulting from proximity with nuclear speckles
through an as-yet-unknown mechanism. We note that the
SRSF2/SC35 SR-splicing factor, concentrated in nuclear
speckles, has been shown to play a role in transcriptional
pause release and transcriptional activation [15]. It is tempting
to speculate that the initial rise in speckle size we see
frequently preceding the first detection of nascent transcripts
above background, as well as the coordinated increase in
speckle size and transcription we observe at later times, re-
flects a flux of speckle components back and forth between
the transcription site and the speckle, with local storage and
accumulation of factors at the speckle. Cycles of modification
of speckle components in the speckle followed by reversal of
these modifications at the site of transcription might explain
the functional coupling between speckles and transcrip-
tion at neighboring genes. These cycles could include, for
instance, phosphorylation of SR proteins in the speckle and
dephosphorylation at the transcription site as previously
suggested [16].
Several special features of our cell system likely facilitated
our experiments. By using a plasmid transgene array that prior
to heat shock targets preferentially to the nuclear periphery,
we were able to maximize the average distance of the
array to nearby speckles. This was crucial for distinguishing
directed movements from the rapid ‘‘constrained diffusion’’-
type movements [11] observed at all interphase chromosome
sites. Second, previously we were puzzled by the delayed and
asynchronous transcriptional induction of plasmid HSP70
transgene arrays as compared to BAC HSP70 transgene ar-
rays. Now it appears this delay may be related to the time
required for these plasmid transgene arrays to become asso-
ciated with nuclear speckles. We suspect the heterochromatin
nature of the plasmid transgene arrays accentuates the-binding protein signal (red, ‘‘transcript amount’’) in arbitrary units (a.u.) as
contact averaged over all observations. Error bars indicate the SEM.
of transcript signal plotted for transgene arrays that contact small speckles
ed at time of first contact.
in after heat shock ordered by increasing speckle size. Low transcript levels
uch larger fraction of transgene arrays were not associated with nuclear
kle-associated transgene arrays show comparable transcript levels between
ccording to the size of their associated nuclear speckles.
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1144positive impact of speckle proximity for transcriptional acti-
vation, thus highlighting the capacity of nuclear speckles to
enhance transcription. Future experiments will examine the
relationship between transcriptional induction and speckle
proximity for BAC and endogenous HSP70 genes.
We anticipate that our results and experimental system will
facilitate future experiments aimed at elucidating the molecu-
lar mechanism underlying this movement and the transcrip-
tional enhancement resulting from speckle association. A
significant fraction of endogenous genes associate with nu-
clear speckles when transcriptionally active; we speculate
that similar active movements may play a role in the transcrip-
tional regulation of those genes that change their nuclear local-
ization upon transcriptional activation. We also anticipate that
the machinery enabling such long-range, active movements
may be involved in multiple aspects of genome organization
and nuclear architecture.
Experimental Procedures
Plasmids andBACswere stably transfected intoCHODG44 cells expressing
EGFP-LacI (clone 7) cells [5]. The pSP14-14-50UTR-MS2 plasmid was stably
transfected using 7.5 mg/ml puromycin (Sigma) for selection to generate
the cell clone pSP14_50UTR_MS2_HSP70_42 (C42). C42 was transfected
with the EGFP-labeled SON-BAC and selected using 200 mg/ml Zeocin to
generate the cell clone C42-165J2-C16_C4_1. The above-generated cell
clone was transfected with either CENPA-mCherry or Ub-MS2bp-mCherry
and selected using 400 mg/ml G418 selection to generate either C42-
165J2-CENPA-mCh-C36 or C42-165J2-UbMS2mCh-B, respectively. The
constructsmRFP-actin-NLS andmRFP-G13R actin-NLS [1] were transiently
transfected into cells and speckle association analyzed after 48 hr. Cells
were treatedwith either latrunculin A (Calbiochem) for 5min or jasplakinolide
(Calbiochem) for 30 min at a final concentration of 1 mM, followed by heat
shock for 30min. AnAppliedPrecisionOMXmicroscopewith electron-multi-
plying charge-coupled device cameras was used for live-cell microscopy
and a Personal Deltavision for fixed-cell microscopy. Data were decon-
volved using Applied Precision SoftWorx software.
Supplemental Information
Supplemental Information includes two figures, Supplemental Experimental
Procedures, and six movies and can be found with this article online at
http://dx.doi.org/10.1016/j.cub.2014.03.053.
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